]. The mutation of proline 279 to serine is found in all but two mutants. The phenotype of mutants having a single proline change can be distinguished from the phenotype of mutants having two proline changes. Sequence analysis showed that position 75 is in a region (amino acids 65 to 78) of great variability and that proline 75 is present in most of the bovine strains. In contrast, proline 279 is in a conserved region and is conserved in all the VP7 sequences in data banks. This region is rich in oxygenated residues that are correctly allocated in the metal-coordinating positions of the Ca 2؉ -binding EF-hand structure pattern, suggesting that this region is important in the Ca 2؉ binding of VP7.
Calcium is a ubiquitous intracellular signaling molecule controlling a wide range of cellular processes. The calcium concentration ([Ca 2ϩ ]) in a resting cell is maintained at approximately 10 to 100 nM. Outside the cell this concentration is several orders of magnitude higher (1 to 2 mM). During stimulation, the average intracellular [Ca 2ϩ ] can increase to several micromolar units. These [Ca 2ϩ ] changes can cause conformational modifications in many cell proteins such as calmodulin (25) and annexin V (7) . It has also been documented that several viral infections, including human immunodeficiency virus type 1 (HIV-1) (5), cytomegalovirus (28) , poliovirus (15) , and rotavirus (27) , involve increases of the intracellular [Ca 2ϩ ], suggesting that this ion plays an important role in the assembly and disassembly and/or replication processes. Many plant virus coat proteins have binding sites for divalent cations, particularly calcium (1, 10, 11, 19) . It has been speculated that such sites ensure that plant viruses release their RNA only in the host cytoplasm, which has a low [Ca 2ϩ ]. Calcium appears also to be an integral part of the capsid proteins of several animal viruses, such as murine polyomavirus (22) , simian virus 40 (21) , influenza viruses (2), rotavirus (6, 35) , HIV-1 (12) , and nodavirus (37) .
The rotavirus particle is nonenveloped and possesses a triple-layered capsid. The outer shell consists of major glycoprotein VP7 and VP4, a trypsin-sensitive protein forming dimers. The intermediate layer consists of VP6, the major capsid protein. The inner layer is formed by protein VP2 and minor proteins VP1 and VP3. Complete virions will be referred to as triple-layered particles (TLP) and viral particles without outerlayer proteins VP4 and VP7 will be referred to as doublelayered particles (DLP).
Treatment of the rotavirus particles with chelating agents results in the removal of outer capsid proteins VP4 and VP7, leading to transcriptionally active DLP (6) . Rotavirus morphogenesis is also dependent on the presence of Ca 2ϩ in the culture medium. Culture medium without Ca 2ϩ stops virus morphogenesis at the DLP step (35) . Several lines of evidence support a specific role for VP7 in the Ca , VP7 is excluded from the hetero-oligomeric complex made of NSP4 and VP4 that participates in the budding of the DLP into the endoplasmic reticulum (23, 31) . Furthermore, calcium depletion of the endoplasmic reticulum by thapsigargin inhibits VP7 and NSP4 glycosylation and virus maturation (26) . (ii) Calcium chelation induces a conformational change in recombinant herpes simplex virus-expressed VP7, as measured by the loss of an epitope recognized by a monoclonal antibody (9) . (iii) Genetic analysis of the [Ca 2ϩ ] needed to solubilize the outer capsid proteins in a set of reassortant viruses confirmed that this phenotype maps onto the gene coding for VP7 (34) .
The calcium-binding site of VP7
is not yet localized even though a sequence analysis has made it possible to predict a putative site in group A rotavirus (amino acids [aa] 124 to 155) but not in groups B and C (24) . To obtain information on this calcium-binding site, we selected mutant rotaviruses having their outer layer proteins solubilized at a lower [Ca 2ϩ ]. Sequencing gene 9 of these mutants allows the identification of two proline residues that are associated with the calcium-binding activity of rotavirus outer capsid protein.
MATERIALS AND METHODS

Cells and viruses.
The following virus strains were used in this study. The RF (G6, P1) and UK (G6, P5) strains of bovine rotavirus; the simian strains SA11-4F (G3, P1), SA11-c13 (G3, P2), and RRV (G3, P3); the OSU strain (G5, P7) of porcine rotavirus; and the human strain Wa (G1, P8). All the viruses were propagated in fetal rhesus monkey MA104 cells in the presence of trypsin (0.44 g/ml; Sigma type IX). Strains SA11-4F and SA11-cl3 were kindly provided by M. K. Estes (Baylor College of Medicine, Houston, Tex.). Strain UK was kindly provided by D. Snodgrass (Moredun Research Institute, Edinburgh, Scotland, United Kingdom). When necessary, viruses were concentrated and purified by two runs of cesium chloride gradient after Freon 113 extraction. Virus titration was performed by plaque assay as previously described (30) . Titers are expressed as PFU per milliliter.
Calcium buffers and virus treatment. Calcium buffers were prepared with Ca-EGTA and EGTA (10 mM) in 10 mM MOPS (morpholinepropanesulfonic acid) and 100 mM KCl and were adjusted to pH 7.2 with KOH, as described previously (36) . Concentrated stocks of purified virus or cell-infected lysates were desalted by centrifugation through a Sephadex G-25 column equilibrated with 10 mM MOPS and 100 mM KCl and adjusted to pH 7.2 with KOH. Virus suspensions (1 volume) were mixed with 0.1 volume of 10ϫ Ca 2ϩ buffer and incubated for 15 min at room temperature. The reaction was stopped by adding 1 ml of minimal essential medium culture medium buffered with HEPES and supplemented with trypsin and by keeping tubes on ice until titration. The survival of the virus at different [Ca 2ϩ ] was determined by calculating the value of log 10 N Ca /N i , where N i is the initial virus titer and N Ca is the titer after treatment of the virus at a given [Ca 2ϩ ]. All the inactivation values reported are the averages of at least three separate experiments.
Generation of reassortant viruses under the selective pressure of low [Ca 2؉ ]. SA11-c13 and RF viruses were used to perform mixed infections at a multiplicity of infection (MOI) of 5 PFU/cell for each parent. Unless otherwise indicated, all the infections were made in MA104 cells cultured in 25-cm 2 flasks. Aliquots of the reassortant progeny were propagated again at an MOI of about 10 PFU/cell. After three passages, one aliquot (100 l) was treated with 100 nM free Ca 2ϩ as described above and used to initiate serial passages. Another 100-l aliquot was serial passaged without any selective pressure. After 10 cycles, 20 reassortant viruses were plaque purified from each passage series and analyzed for the origin of VP4 and VP7 proteins by reverse transcription-PCR (RT-PCR) with specific primers.
Reverse transcription was carried out with a pool of oligonucleotide primers containing RF-Beg9 (nucleotides 1 to 28) and RF-End9 (nucleotides 1062 to 1036) complementary to the 3Ј ends of the negative and positive RNA strands, respectively, of the gene coding for the VP7 protein of the RF strain (accession number, X65940) and oligonucleotide primer VP4-5 complementary to the 3Ј end (nucleotides 11 to 31) of the minus strand of the gene coding for protein VP4. Since the 5Ј and 3Ј ends of the VP4 and VP7 genes are well conserved (24) , these primers allow the RT (and, eventually, the PCR amplification) of the VP4 genes from both the SA11-cl3 and RF strains. The origin of VP4 and VP7 was determined in a separate PCR with the same RT product. For VP4, oligonucleotide VP4-5 was used in combination with primers specific to SA11-cl3 (VP4-SA11, nucleotides 481 to 463 complementary to the plus strand; accession number, D16345) and to RF (primer VP4-RF, nucleotides 747 to 724 complementary to the plus strand; accession number, U65924). For VP7 determination, the primers RF-Beg9 and RF-End9 were used in combination with primers specific to SA11-cl3 (nucleotides 193 to 174 of SA11; accession number, VO1546) and RF (nucleotides 253 to 231 of RF). PCR of SA11 and RF gene 9 produced fragments 193 bp and 809 bp in length, respectively.
Mutagenesis. Two mutagens, 5-azacytidine (5-AC) and hydroxylamine (HA) (Sigma), were used essentially as previously described (32, 33) with minor modifications. Rotavirus strain RF was subjected to mutagenesis by multiplication in the presence of 5-AC. Cells were infected at an MOI of 10 PFU/cell and kept in medium containing 100 g of 5-AC per ml. Virus was harvested at 24 to 36 h postinfection when complete cytopathic effect (CPE) was observed in the control infection in the absence of the mutagen. For HA mutagenesis, equal volumes of virus stock (RF strain; 10 8 PFU/ml) and 4 M HA prepared in 100 mM phosphate buffer (pH 6.0) were mixed and incubated for 40 min at room temperature. To remove HA, the mutagenized virus stocks were centrifuged through Sephadex G-25 spin columns equilibrated with phosphate-buffered saline buffer. Cell monolayers were infected with the mutagenized viral stocks to fix the mutation. Virus was collected when a clear CPE was detected. Inocula of mutated viruses were prepared from infected cultures subjected to three freeze-thaw cycles, and cell debris was removed by centrifugation at low speed. The low- [Ca 2ϩ ]-resistant mutants were selected from the resulting mutagenized stocks as described below.
Selection of low-[Ca 2؉ ]-resistant mutants. To ensure that each mutant was independent of all other mutants, a single virus clone from one mutagenic reaction tube or culture flask was propagated. The mutant RF viruses resistant to low [Ca 2ϩ ] were selected by following two different strategies. The first strategy consisted of treating 100-l aliquots of desalted mutagenized viral stocks (multiplied once in tissue culture) with 100 nM free Ca 2ϩ as described above. Surviving viruses were plated and plaque purified. Agarose stab corresponding to individual plaque was incubated in MOPS buffer (10 mM MOPS and 100 mM KCl adjusted to pH 7.2 with KOH), and the eluted virus was treated again with 100 nM free Ca 2ϩ . The treated virus was mixed with culture medium containing trypsin and inoculated into MA104 cells in 96-well plates. The medium in wells showing a clear CPE was collected. The corresponding virus was subjected to another selection by 100 nM free Ca 2ϩ and amplified by infecting a MA104 monolayer in a 25-cm 2 culture flask. When the CPE was complete (2 to 3 days postinfection), cultures were subjected to three freeze-thaw cycles, and cell debris was removed by centrifugation. One hundred microliters of these lysates was desalted, treated with 100 nM free Ca 2ϩ , and used to inoculate MA104 cells in a 25-cm 2 culture flask. Each viral clone was blind passaged 5 to 7 times, with a low [Ca 2ϩ ] selection (100 nM) between each passage, and was further plaque purified three times. The resulting viral clones were then assayed after treatment at various [Ca 2ϩ ]. The second strategy to obtain mutant RF viruses was slightly different. After mutagenesis and fixation of the mutations, viruses were blind passaged and subjected to a treatment with 100 nM Ca 2ϩ between each passage as described above. After 7 or 8 passages, viruses were plaque purified three times, amplified in cell culture, and characterized.
Electrophoresis. Electrophoresis of viral particles was performed as previously described (34) in 0.6% agarose gel in 10 mM MOPS-Tris (pH 7.1) buffer for 2 h at 80 V. Gels were stained with silver complexes by using the Bio-Rad Silver Stain Plus kit.
Sequencing of the low-[Ca 2؉ ]-resistant mutants and parental virus. Sequence determination of gene segment 9, coding for VP7 protein, of the RF parental strain and mutants was by direct sequencing of PCR-amplified DNA. Full-length cDNA was generated with viral RNA extracted from infected cell supernatants in a combined RT-PCR amplification carried out with oligonucleotide primers specific for gene 9 (RF-Beg9 and RF-End9) and complementary to the 3Ј ends of both viral RNA strands. Both DNA strands were sequenced with eight different primers (four primers/strand) and the Taq Dye Terminator Cycle Sequencing kit of Perkin-Elmer. It should be noted that this strategy did not make it possible to determine the 10 to 15 nucleotides at the 5Ј and 3Ј ends of the gene. However, it has been shown that these regions are noncoding regions and that little or no sequence variation is present within group A rotaviruses (13) . Sequence analysis was performed with the Genetics Computer Group package (8) .
RESULTS
Inactivation of various rotavirus strains by low [Ca
2؉
]. It was previously shown (34) that the concentration of Ca 2ϩ needed to solubilize the outer capsid proteins of rotavirus particles, as estimated by gel electrophoresis and light scattering, varies with the strain. During this work, another procedure to evaluate the solubilization process of outer proteins at various free [Ca 2ϩ ] was designed. It is based on the fact that solubilization of the outer layer induces a loss of infectivity that can be measured by simple plaque assay. The reduction in titer of several rotavirus strains after a 15-min treatment at defined free [Ca 2ϩ ] ranging from 0 to 1000 nM is shown in Fig. 1 . Bovine strain RF was the most susceptible strain, showing greater titer reductions (log 10 N Ca /N i ) than the other tested strains. For this strain, at 600 nM free Ca 2ϩ a titer reduction of 1.41 was found, whereas at 100 nM the reduction was 6.1. We considered this titer reduction the residual titer reduction since reducing the [Ca 2ϩ ] to zero did not induce any further de- ] of reassortant populations resulting from the coinfection of two rotavirus strains of different phenotypes (SA11-cl3 and RF) would lead to viruses having the VP7 from the strain more resistant to solubilization by low [Ca 2ϩ ]. The results shown in Table 1 demonstrate that VP7 from SA11-cl3 is positively selected after 10 passages under the selective pressure of 100 nM Ca 2ϩ . In the control experiment, in the absence of selective pressure, 40% of the population was found to have the VP7 from SA11-cl3 and 60% the VP7 from RF. All the resulting reassortant viruses, selected or not by low [Ca 2ϩ ], were found to possess VP4 from RF ( Table 1 ). The unexpected segregation of the gene coding for this protein precluded us from elucidating the role of low [Ca 2ϩ ] on VP4. Titration of these reassortant viruses after treatment at various [Ca 2ϩ ] showed a perfect correlation between the origin of the VP7 and the inactivation rate at low [Ca 2ϩ ] (data not shown).
Mutagenesis and selection of low [Ca
2؉
]-resistant mutants. In order to determine the region(s) of the VP7 protein involved in the low- [Ca 2ϩ ]-mediated solubilization of the outer capsid, we selected mutants of the RF strain whose infectivity is not affected by low [Ca 2ϩ ]. First we tried to isolate naturally occurring mutant RF viruses. Purified virus stocks containing 10 11 to 10 12 PFU/ml were incubated in calcium-free buffer (2 mM EGTA) and plated, and recovered plaques were tested for resistance to treatment by various [Ca 2ϩ ]. All the 200 recovered viral clones were found to have the parental behavior (data not shown), indicating that the surviving viruses were not mutants, but rather corresponded to the residual titer. Conditions of mutagenesis with HA and 5-AC that induce frequent mutations, while avoiding the induction of multiple mutations, were derived from the construction of rotavirus temperaturesensitive mutants of the SA11 strain (32, 33) . These mutagenesis levels corresponded to a surviving fraction, after treatment with HA and 5-AC, of approximately 0.3 and 0.1, respectively. From these mutagenenized stocks, seven independent mutants were isolated. Following HA mutagenesis and the first selection procedure (as described in Materials and Methods), 546 plaques were screened and three independent mutants were isolated (m114, m150, and m748). One mutant (m502) was isolated from the 328 plaques screened following 5-AC mutagenesis. By using the second selection procedure and after mutagenesis with HA and 5-AC, one (mH2) and two mutants (mA5 and mA6), respectively, were isolated.
Characterization of RF mutant viruses at low [Ca
2؉
]. The above-mentioned mutants were characterized for survival at various free [Ca 2ϩ ]. As shown in Fig. 2 , no significant decrease in titer was detected after treatment of all mutants with 600 nM Ca 2ϩ . For parental strain RF, the reduction of titer (log 10 N Ca /N i ) was 1.86. At 100 nM Ca 2ϩ the reductions in titer of the mutants ranged between 0.1 (m748) and 0.45 (mA6), showing no significant variation between mutants. In contrast, two groups of mutants could be defined according to the inactivation rate at 38 nM free Ca 2ϩ . One group consists of the mutants m114 and mA6, which showed a reduction in titer of 3.6 and 3.27, respectively. The second group consists of the other five mutants, which showed titer reductions ranging from 0.34 (m748) to 1.04 (m502) at the same [Ca 2ϩ ]. To confirm that this inactivation was due to the solubilization of the outer capsid proteins, the TLP-to-DLP transition was analyzed by electrophoresis in agarose gel after incubating wild-type RF and mutants at various [Ca 2ϩ ]. Transition of wild-type RF virus started at a [Ca 2ϩ ] of about 1,000 nM, and the complete conversion into DLP was at 600 nM (Fig. 3A) . The reduction in titer measured in the same experiment (Fig.  3B) confirmed the agreement between the TLP-to-DLP transition and the reduction in infectivity. Two mutant viruses (mA6 and m748) were chosen as representative of the abovementioned two groups of mutants. For both mutants (Fig. 3) , TLP-to-DLP transition began at a [Ca 2ϩ ] of 100 nM and complete conversion into DLP was at 17 nM. However, slight differences between the mutants could be reproducibly observed at 38 nM free Ca 2ϩ (Fig. 3A) . For mutant mA6, most of the particles were converted to DLP, whereas for mutant m748 most of the particles migrated in a very diffuse band above the band of DLP. This difference is consistent with the reductions in titer during this experiment, which were 1.38 and 0.38 for mA6 and m748, respectively (Fig. 3B) . This difference in titer reductions was also observed after incubation of both mutants at 17 nM free Ca The phenotypes of all the mutants were stable after five passages under nonselective conditions (data not shown). Viral yields, plaque sizes, and times to produce CPE were not different between mutant and wild-type viruses.
Mutations within the VP7 deduced amino acid sequences of the selected mutants. The sequence of gene 9 of the RF strain coding for VP7 was previously published (3). To detect sequence variation after several passages, the virus stock used in the present work was sequenced again. We refer to this last sequence as the wild-type sequence. It presents, with respect to the published sequence, two deduced amino acid substitutions, lysine to asparagine at position 49 (Lys 49 3Asn) and Leu 317 3Phe and a base change in the 5Ј noncoding region. All the base changes and deduced amino acid substitutions found in the low [Ca 2ϩ ] mutants are shown in Table 2 . All the mutants have in common the substitution Pro 75 3Leu. All but two (mA6 and m114) have also the change Pro 279 3Ser. Note that the presence of single mutations confirmed that each mutant virus was independently obtained.
Thus, a single proline-to-leucine substitution at position 75 of VP7 was sufficient to vary the [Ca 2ϩ ] needed to stabilize the outer capsid proteins in strain RF. The additional change Pro 279 3Ser resulted in greater stability at low [Ca 2ϩ ]. Except for the proline substitutions, the silent base changes, and the mutations within the noncoding regions, two mutants were found to present amino acid substitutions. Mutant mA6 had the change Val 303 3Ile and mutant m502 had the change Thr 27 3Ser within the region considered the signal peptide. Both these substitutions can be considered conservative.
DISCUSSION
We confirmed that various rotavirus strains had different resistances to low [Ca 2ϩ ]. The production of reassortant viruses showed that this phenotype was correlated with the product of gene 9. This experiment failed to elucidate the role of VP4, since VP4 from RF was selected either with or without selective pressure. The nonrandom segregation of gene 4 has been previously described (38) and suggests that the VP4 from RF provides a replication advantage independently of the VP7 origin. It has also been shown that VP4 can affect the conformation of VP7 (4). Thus, although VP7 is considered the main protein responsible for the solubilization of both proteins at low [Ca 2ϩ ], the origin of VP4 could modify the [Ca 2ϩ ] needed to solubilize the outer capsid. Considering the results published by Ruiz et al. (34) and the results described here, the VP4 influence is necessarily minor.
Using Ca-EGTA buffer, we developed a strategy to recover seven independent mutant viruses that survived after low [Ca 2ϩ ] treatment. All these mutants had a change of proline to leucine at position 75, and five of the mutants showed an extra change of proline to serine at position 279, demonstrating that these two residues are very important in the Ca 2ϩ binding of VP7.
Amino acid substitutions found in the low- [Ca 2ϩ ]-resistant mutants pointed to two regions of VP7. The change in the region under the influence of Pro-75 can be considered the most important since this single substitution (present in mutants mA6 and m114) is responsible for the phenotype at low [Ca 2ϩ ]. The additional change Pro 279 3Ser never occurred alone, suggesting that this second mutation was dependent on ]. Sequences of VP7 from the strains used in this work were compared to each other (Fig. 4 ) and also to all group A VP7 sequences present in data banks (data not shown). Pro-75 is only present in bovine strains RF and UK; in strains RRV, SA11, and OSU this position is occupied by Thr, and in strain Wa it is occupied by Val. Position 75 is included in a region (residues 65 to 78) of high variability. Among the available VP7 sequences there is a series of residues (I, M, N, P, S, T, V) at position 75, but none of these sequences has a Leu as do all the mutants isolated here. Note that most of the bovine strains have a Pro at residue 75. Pro-75 is four residues down a glycosylation site that is conserved in all the virus strains used here except the RF strain.
Although they have very similar VP7s, strains RF and UK have different behavior at low [Ca 2ϩ ], as estimated by the infectivity decrease. The main difference between the proteins is a glycosylation site at position 69 in UK and not in RF. This fact points out how important the region of Pro-75 could be in Ca 2ϩ -dependent stability. It has been previously shown that glycosylation can affect the conformation of VP7 (20) , and changes in this region can stabilize or destabilize the Ca 2ϩ -binding site by bringing closer or pushing away the residues involved at the site.
In contrast to the variability of Pro-75, Pro-279, which is in a conserved region, is present in all the strains used in this study and in all the VP7 sequences available in data banks. The very close Pro-275 is also conserved in all the available sequences.
Although Ca 2ϩ -binding sites in several cellular Ca 2ϩ -binding proteins have been extensively studied and well described by the helix-loop-helix EF-hand structure (for a review see reference 17), little is known about the nature of the Ca 2ϩ -binding sites present in viral proteins. Similarities between the EF-hand structure and sequences present in viral proteins have been proposed (12, 14) , but it can be considered that there is no archetypal viral Ca -binding sites are in some cases shared by two capsid proteins, the Ca 2ϩ forming a bridge that links two different capsid monomers (21, 37) . A Ca 2ϩ -binding site is formed by amino acids that directly coordinate Ca 2ϩ with the side chain or backbone carbonyl oxygen (39) and by amino acids that do not coordinate Ca 2ϩ directly but are important in maintaining the configuration of the site. The residues that are structurally relevant were identified by protein crystallization and X-ray diffraction (1, 16, 21, 29) . The use of reverse genetics to produce mutants in putative Ca 2ϩ -binding domains of viral proteins has also been helpful for determining the altered functions (14, 19) .
The region of Pro-279 is rich in oxygenated residues. Some residues are at positions that correspond to metal-coordinating positions in the EF-hand structure (X, Y, Z, ϪY, ϪX, ϪZ). In   FIG. 4 . Sequence alignment of VP7 sequences from the strains used in this study. Boxed prolines in RF are the mutated prolines in the low- [Ca 2ϩ ]-resistant mutants. Proline residues conserved in all group A rotaviruses are circled. Signal peptides H1 and H2 are boxed. Potential glycosylation sites are shaded, and the proven glycosylation site in SA11 is underlined. In the region of the Pro 279 3Ser mutation, the EF-hand pattern is shown below the consensus sequence. In this pattern, the following symbols are used: &, hydrophobic residue; O, oxygen-containing residue; §, negatively charged residue; #, negatively charged or oxygen-containing residue; x, any amino acid. Asterisks indicate the residues of VP7 that match the EF-hand pattern (8 of 12 defined positions). X, Y, Z, ϪY, ϪX, and ϪZ indicate residues that directly coordinate Ca 2ϩ in the EF-hand structure and refer to the vertices of the Ca 2ϩ coordination octahedron.
addition, 8 of 12 putative EF-hand positions harbored canonical residues (Fig. 4) . The substitution of glycine by proline at position 8 could also be important, but both residues are ␣-helix breakers and the change is considered conservative. At position ϪZ, the consensus is an acidic residue, but in many characterized EF-hand structures there is an amino acid with an oxygen atom on the side chain (12, 18) . Although proline residues never occur in Ca 2ϩ -coordinating positions in the EF-hand structure, in the influenza B neuraminidase, a proline coordinates Ca 2ϩ throughout a water molecule (2). The similarity shown between the EF-hand structure and the region of Pro-279 does not prove that this region is the actual Ca 2ϩ -binding region. However, it suggests that this region could be important in keeping the functional conformation of VP7 and that it plays a role in Ca 2ϩ binding. This sequence analysis, based on the importance of Pro-75 and Pro-279, is not consistent with the prediction of a Ca 2ϩ -binding site between aa 124 and 155 (24) . Note also that the reported binding site (aa 94) of neutralizing monoclonal antibody 159, whose interaction with VP7 is sensitive to [Ca 2ϩ ], is not close to the regions identified here (9) . The Ca -binding site in VP7 involves two distant regions that could be close together in the folded molecule. More work is needed to determine if the regions interacting belong to the same VP7 molecule.
